SIR-Central aortic mechanical properties have been shown to be important for the general assessment of cardiovascular risk. Increased arterial stiffness is an independent marker of cardiovascular disease in hypertensive subjects and is linked to ventricular hypertrophy and atherosclerosis [1] [2] [3] .
Ageing is linked to the change in arterial structural and functional capacities. The compliance of elastic arteries in the human body declines with age [4, 5] , decreasing from childhood [6] even in the absence of cardiovascular disease. In line with this process, aortic pulse wave velocity (PWV) increases with age in both sexes [7, 8] . In particular, carotid-femoral PWV is lower than carotid brachio-radial artery PWV before the age of 50 but is higher afterwards resulting in a reversal of the normal central-to-peripheral arterial stiffness gradient [7] . The age-related increase in stiffness of the central elastic aorta is thought to decrease impedance mismatch between central and peripheral arteries, and thus decreases the contribution of the reflected pressure wave whilst increasing transmitted pulsitile pressure amplitude to the distal aorta and periphery [7] . The net effect of decreasing aortic compliance is a secondary decrease in buffering ability and resultant increased distal pulse pressure.
Abdominal aortic aneurysm (AAA) is conventionally diagnosed if the aortic diameter is 30 mm or more. The prevalence of AAA increases with age; it is common in the elderly and more frequent in men than in women, causing 1-3% of all deaths among men aged 65-85 years in developed countries [9] . Atherosclerosis and smoking play an important role in the pathogenesis of AAA [10, 11] ; however, the potential influence of or association with arterial mechanical influences has not been studied.
It is known that the pathogenesis of AAA is linked to the degradation of the connective tissue in the aortic wall [12] , with fragmentation.
The aim of this study was to assess the relationship between abdominal aortic diameter, arterial compliance and the traditional cardiovascular risk factors in a group of healthy elderly subjects.
Methods

Subjects
The study population was composed of 28 adult and elderly volunteers (12 males) from the local population. The mean age was 77.7 ± 7.3 years (range 58-90). Six subjects were smokers, none had a diagnosis of hypertension or diabetes and all were free of acute illness or known AAA. However, five subjects were found to have isolated systolic hypertension (ISH) and three to have systo-diastolic hypertension. The study was approved by the Hammersmith Hospital Ethic Committee.
Procedures
(i) Systemic arterial compliance: Central arterial compliance was measured by simultaneous recording of the carotid artery pressure wave (Miller micro-tip pressure transducer, Miller Instruments, TX, USA) and of ascending aortic flow recorded using a Doppler probe placed in the suprasternal notch. Carotid pressure waves recorded by applanation tonometry were calibrated using the diastolic and mean brachial artery blood pressure. The average of three blood pressure readings in the brachial artery (Omron HEM-705CP automatic blood pressure monitor) taken at 5-min intervals from the right upper arm of the supine subject was calculated. The brachial mean arterial pressure was assigned to the integral mean of the carotid waveform and the diastolic pressure was applied to the end-diastolic point. Pressure recordings and Doppler flow were measured for 30 s and analysed over 10 representative cardiac cycles, using custom written software. Systemic arterial compliance was calculated using the area method as described previously [13] [14] [15] . The aortic valve diameter was measured using echocadiography and employed in the following calculation. The average of all values was calculated to obtain a mean measurement for each subject. (ii) Pulse wave velocity (PWV): Subjects were studied whilst supine using methods previously described [15] . This technique has been used in many studies [5, [16] [17] [18] and has been shown to be repeatable [18] . (iii) Abdominal aortic diameter : The abdominal aortic diameter was measured using ultrasound (Aloka SSD 500 with a 3.5 mHz probe), as described elsewhere [19] . (iv) Calf brachial systolic pressure ratio : Calf and brachial blood pressure (BP) were measured, as described elsewhere [19] .
Statistical analyses
Statistical analyses were performed using SPSS version 12 for Windows. Results are reported as means ± SDs. Direct 
Results
The study population was composed of 28 adult and elderly volunteers (12 males) from the local population. The mean age was 77.7 ± 7.3 years (range 58-90). Mean AAD was 1.94 ± 0.38 cm (range 1.5-2.9), mean SAC 0. 43 ± 0.32 ml/ mmHg (range 0.09-1.36), mean PWV 11.1 ± 1.2 m/s (8.7-13.5), mean aortic inflow diameter 2.32 ± 0.14 cm (2.1-2.6), mean calf-brachial ratio 1.11 ± 0.09 (0.95-1.25), mean SBP 148.1 ± 26.7 mmHg (108-220), DBP 80.3 ± 12.3 mmHg (63-110), mean cholesterol 5.4 ± 1.0 mmol/l (3.9-7.9), mean height 168.2 ± 7.5 cm (153-188) and mean BMI 24.6 ± 1.5 kg/m 2 (21.8-26.9). Men were heavier and taller than women. No differences were observed in metabolic variables, neither in AAD, blood pressure or arterial compliance measures between men and women. Table 1 shows the direct correlations between abdominal aortic diameter and the most important cardiovascular risk factors. As expected, age was highly correlated with AAD. No significant correlations were found between AAD and aortic inflow diameter. There was a very strong negative correlation between AAD and log SAC (r = −0.72, P < 0.01). Also, the correlation between the index of muscular arterial compliance (ECG-finger PWV) and AAD was highly significant (r = 0.63, P < 0.01).
Two different multiple regression models are shown in Table 2 . In the first, AAD was regressed on log SAC, SBP, cholesterol, age and gender. The four additional variables were not statistically significant determinants of the variance of AAD and did little to attenuate the relationship with SAC.
The model explained 70% of the variance, and SAC alone 52%.
In the second model, log SAC was excluded and brachioradial PWV included. This index of arterial compliance was positively related to AAD. In this model, BMI, SBP, cholesterol, age and gender were again not significant determinants of AAD and could not fully attenuate the association between PWV and AAD. Muscular artery stiffness (PWV) alone explained 40% of the variance and model 2 explained 59%.
Discussion
The current study analysed the relationship between abdominal aortic diameter and an index of elastic and muscular artery mechanics in a relatively healthy elderly population. The main finding of this study was that central elastic arterial compliance, assessed as systemic arterial compliance, and muscular arterial stiffness, assessed as PWV, predict abdominal aortic diameter. To our knowledge, this is the first study looking at the relationship between aortic abdominal diameter and arterial compliance in such a group.
It has been shown previously that arterial compliance decreases and abdominal aortic diameter increases with age and this is linked with the increase in cardiovascular risk with age [5, 7, 9] . The two major aspects of arterial ageing appear to involve the degradation of connective tissue in the aortic wall [12] , with fragmentation of the elastic fibres and the decreased concentration of elastin [20] . Net result is a decrease in impedance mismatch with a subsequent reduction in reflected wave and increase in distal pulsitility. Both probably play an important role in the development of AAD. The consequence of these structural and functional changes in the aorta could result in a loss of distensibility of the artery with an associated increase in wall stress. The superposition of these effects would theoretically exaggerate propensity to AAA formation.
Wilson et al. compared aortic abdominal diameter with arterial compliance, showing a relationship between abdominal aortic diameter and aortic compliance measured by the pressure-strain elastic modulus (Ep) and stiffness (β) [21] . This study was performed within a population of subjects affected by AAA. In our study, we confirm this finding, showing a strong negative relationship between the width of the abdominal aorta and SAC in a group of healthy elderly (r = −0.72, P < 0.001) and a positive association between the width of the aorta and PWV (r = 0.63, P < 0.05). Thus, it is possible that arterial compliance is an important predictor of aortic diameter before the development of AAA, suggesting a possible utilization of this index for early identification of subjects with an increased risk of developing this disease. Alternatively, the relationship may be due to a wider aorta reducing compliance. Multiple regression showed that systemic arterial compliance is an important predictor of abdominal aortic diameter explaining alone 52% of the variance of abdominal aortic diameter. Surprisingly, we did not find a significant correlation between blood pressure and AAD. Neither systolic nor diastolic blood pressure in fact correlated with AAD (r = −0.04, P = 0.85 and r = −0.22, P = 0.25, respectively, data not shown in the table).
Blood pressure, despite its recognised effect in the development of AAA [22, 23] , did not predict AAD in our small study. A larger study is required to investigate the exact contribution of blood pressure to AAD. Arterial compliance, in terms of SAC, was the most important predictor of aortic abdominal diameter and it could be an important index to identify subjects at risk of AAA, before the development of the disease.
There are limitations in this study. This was a relatively small group of people and was not fully a representative of the population. Thus, these promising results need to be confirmed in larger studies involving different types of populations. The calculation of SAC requires inclusion of aortic outflow diameter and it could be argued that association of SAC with AAD is merely an association of proximal and distal aortic diameter. This is unlikely to be the determinant of our results however as the combined parameter SAC represents the functional buffering ability of the aorta to smooth out pulsitile stroke volume, a function that is independent of the distal, more muscular, abdominal aorta. To confirm this in our data, we did not find any significant correlation between aortic inflow diameter and AAD.
In fact, increased LVOT dimension is associated with increased functional compliance, and would tend to obscure the inverse relationship between SAC and AAD demonstrated in our study.
Our study population had no previous diagnosis of hypertension, but five subjects proved to have ISH and three subjects systo-diastolic hypertension. Nevertheless, multiple regression analysis showed clearly that PWV and log SAC are still strong predictors of AAD after adjustment for SBP.
AAD, peripheral PWV and SAC are influenced by gender. This is due to different body size. We adjusted the data in multiple regression for gender and BMI to allow for the variability of AAD due to body size and gender.
In conclusion, in this study we have described the relationships between abdominal aortic diameter and the most important cardiovascular risk factors, showing that arterial compliance plays an important role in explaining, and potentially determining the diameter of the abdominal aorta and may thus be a new index to early recognize people at higher risk of AAA.
Key points
r Arterial compliance is an important predictor of aortic diameter before the development of AAA. r This study suggests a possible utilization of PWV for early identification of subjects with an increased risk of developing AAA.
